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(54) BUILT-IN SELF-TEST CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a built-in self- 
test circuit capable of conducting a test having high 
quality by various test patterns without decreasing the 
number of test patterns while having simple circuit 
constitution. 

SOLUTION: In the built-in self-test circuit 1 1 
conducting a test to a DRAM 17 installed to a 
semiconductor integrated circuit by using a plurality of 
test patterns, the built-in self-test circuit 1 1 has an 
address counter 15 outputting an ending-flag data Mrs 
end every time a series of write/read processing to a 
fixed number of addresses in the DRAM 17 is completed 
and a mode counter 19 successively outputting different 
common control signals Ccs every time the mode 
counter 1 9 receives the ending-flag data Adrs end. The 
built-in selfHest circuit 1 1 further has decoders 20-23 
having a plurality of encoded processing data and 
successively decoding and outputting the processing 
data in response to each received common control 

signal Ccs respectively and a test pattern generating circuit 13 outputting bit data 
corresponding to the processing data received from the decoders 20-23 to the DRAM 17 as 
each test pattern. 
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(57) i&m 

SS7^ hlsl^l lffcot, DRAM1 7\C&tfZffi 
Tr^^l^T^^^^-^Adrs end "3" 2>T Ku 
5£K&&£:&ii^m^C c s &«i&tc:m;f>-r5^— 

^ofc#^ii^ft^-c c .s (C^^^LT^x™ 
^^rll^^^bLTdi^i-^r=i-^2 0-2 3 

h\?v hr-^Hr^ h/^-v^b LTD R AM 1 7 
Ktojji- 5:f* h^^-^^tHl^ (13) <b£*rf 
6, 




I whimper] 

181*12] ffiEM*P«#tt£lslK*'. WEH»T«» 
*:/#*&rt*£**Wfc*"*R*mfcE«©«» 

^•eaf^ mbik. 

E*T«-** bTfffifa*- K* !> tcw^-r 6 r * & 

•fc«&*/KWU«H-r5»lc % SIJEEIMlUOTKu 
*<om££fT 5 - <b MWKfc-TSBMM l 3 eorto 
OTiJ&u*teE«0>fti&*6B^* hlelB. 

rtt*ERite>*i. 

il 5 fcER*>E&* e Br * h 
IM**7] MEEttaWDRAMA>e>J**K KDR 



(2) ^2 00 0-7 6 8 9 4 
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ES&*®B, MERffiLlalB, 2S^t/WK»W 
Sr^ h[n]B 0 

/o [R*«9] MEtea^-^WAia***, r^/y 
"9, «*flsufc(»Ersf^ , /^»yteaf f -#«:<«Er 
Eifcoaii^&er* Man. 

[0 0 0 1 l 

^*y**&Jfl^fc*»*E«KR (DRAM) cofca6 
20 0?DRAM^«R*tufc*i»ft*«ElB (LSI) K# 
[0 0 0 2] 

-viltfi, ^ v (column bars), ^^-yjJ — 
K(checker board), f- ^(marchin 

JO g)««ttffl$ix6. 

10 0 0 31 £r6T\ ^fflco^^yffi-r^^Srffl^, 
DR AMlC#1~.5 4 Oii^iOf^ 

S I h+aiRlcW:, p^y^fflf^^^fco 

[ooo4] ±EB3ffi^3*«ii-6fc*C), &¥-m> 

(B I ST:Built-ln Self Test)#5Sa*£@ £*iTl* 
^ 0 BISTiattt, LSI6W» rtW^o-/^ 
(DUT) hx-^^^lalB&^T^ hr 

tf^ x^KHT^I-tt, RS->5^u 

50 7»*i«:tt:«Lr, ft50flStt*«rffl*i-&. 
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[0 0 0 5J ±IHco^£iai, f^^tULSIr^ 

S I ?y7frb&Jj£ftZ>'rx h^lCg^^T L S I 
B I ST^^T'liM^x^^|i^^T'^«9 , ULS I 

10 0 0 6] «*OB I STKlt W*Pf&<frffl» 
<< 2 P*tf*IW»;fr5m, ^¥10-69799^^ (» 1 

fB»**tt, «fBRH61-54S50^« (»2^>a*«) , 
fWaBB63-45<XHH*« (*3©^|) % X^ISW 
00536^ (»4©**«) »cffitt*ftfcaax*h§Mt 

10 0 0 7 j 

♦*HP**-Ctt, Wc* ROM4rf^«-f6^n-fe^*Sj8'J 

*fc-T5i4:lcJ:or±EMjHSrEI»Lrv^. wOfc 

10008)-^ ^-Ki>3:r»j®^S:Rfflbfc» 
0, lORliJL&Vtii^W 

-*K— KKflO*., 0 X l£&9igi-[s]&$r£5ELoox 
2^4^^T'I1 ^*PA*«ftfr*lCfcttS 

10 0 0 9] *89lfi* ±Rlc«* % tt»ttle!Bttj£& 
fix* h@B«r««1-6rt*Btt 



(3) M2 00O-7 6 8 9 4 

(0010) 

h^'^-y^^tfx h£fT?&&^ge,r;* Mall® 

Ens*, w^ksnfcaft^KiJiT-^fcWL, 

z.<ntz#> % KC^T «||p**"Cim 

[ooi2] ::-c, ffiiafM»»*tiia@Bj&<, ifriste 

[0 0 13] Huiar K^*j^it RijfH-^o§^ 
K*«> v^ic-^x., She— Yi3*?>Z<n%<}> hffi. 

ft So 

[0014] (HBrKi/^!7^^ mffBr;* 
[0015] 3E^»iL<tt, mjier^ h/<^-^«4 

@b*s, ^Efeax'-^ai/jBB^bteax-^^ai't 
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too 1 6] nn&T-txvyt&m&mi 

[0 0 17] #IEK«88^DRAM^fe**S 
i£DRAMK*f U?r£4>*-r 

[0 0 18] 35fc#£L<tt, WRtea^-^aj^HK 
L ■ mtii&m'r-? <5« 1 

Ir-^ £ UT©»#«**"*-S» 3 frffl* 

[ooi9] mfttemT-trntimmK r 

[0 0 2 0] 

i^^Bx* (WT, B I STIsIK <D 

[00 2 1] B I STIhIKI Ite, x^h^-K^^h 
o —7 (Test mode CTL) 1 2, RAM>fy^7x^(R 
AM l/F) 13,7 KU^^^>^ (Address couter) 1 
5, h -7 yfx (Bitmap conv) 1 6 

(04^D7^^bM$HTV^-5 0 BIST0811-C 
l±, D RAM 1 7|C^LXiiaLTS5i^ffiXtta«E 

fCAS (Column Access Strobe) I- J: 3fftfW<oWr 
(Cas latency) Wz£oX®'&£tiZ> a 



(4) ffl2 00O-7 6 8 9 4 
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[0 0 2 2] B I STleJ&l 1 X\t. h*— K=>> 
h P — 7 1 2tC{fx.fc^- 19^^^hi 
(WWfCc s) l^ot, DRAM.1 7 lC*ti~ 

[0 0 2 3] f^h^-K^yhn-^nii, ±12* 
- Y*V>* 1 9&*TU *— YDWZ 1 9<0f&&: 

10 =^20^ H?dit/S^ • IRtelf-^R/i se 
IS:^^t57^^2 1 <t, g&*&JIx-*dat 

#ildatae Wlr-^) ^Mt5r^y2 3^ 

DR AMI 7<DT Y \s X % %-MXT ? * X + Z<Di>*&m 
VT?1zx*tZ><Dfr (Up/dn) £x=»-y 2 OTiSft 

^7^^2 n?iSftU DRAM1 7lCJti"6#^ 
x-*J* u 0 n "1" ^73-^2 2t'I^t, ^ 

3-^2 0-2 3 (C*5^5#jM^ftfff4. *-K*^^ 

[0 0 2 4] -r* V'*9 — Vt LXit, =*yA^-(coi 
umn barsh tf— K (checker board), 

^(marching), i^y h^^r=f-7-/w (shifted diagona 
I), ^^77^ (butterfly) , *>-^(walking) , 
&U**r p y tr >^(gal loping)^^^ffl ^ti^o 
[0 0 2 5] 0U^.tf , DRAM1 7 \Z.&tf6 * * V ±/l< 
30 TUjtfnftnF\<n**yiz;UfrL>f£Z)®&\Z s 

t, 2. n) <D* * y -fe/Hi c i sX^-to ±Mz^ 

lfTlR 2ftlR , ntTl^l, 2trl^J, 2ff 

2^J, , n"ftnWOW#T?»*«rftb % p#B (p= 

0.1. .N-Kiat, N=n*)) Opt^y-fe/U$rCp*C^ 

(D^fScSB^ci, ffi§c#@co^J(co$:^^iitf B 
©>*y-fe/w>rt£&co. ci. , CH-ionifc^m 

[0 0 2 6] — V*S^3iy*-3iK— K 

e^jiji^i i o^^rc7)>i(c$#^tp. 

©*^y-&/WOF*j£&Co, Cl. CM-KDHIlC^m 

[002 7] -^-K^^^^l 9te N D RAM 1 7(C*5 
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end££l7®££|SgK, #£yh7>y 
^ (fijl^, 7* h^- K£ W y? » ^ ^ h) LT&ctt 

iWII^Cc std'&oT, DRAM1 7(C^^^ 

T-*Up/dn, i£&L/:f • iliR&UxWR/w se 
U Si^&JlTWdataw, &tf#}#ii:data e '- 

^togglefcftoT, "0\ "1" , "toggle" (Dft(D 

I0 02 8J RAM-T yi?7x- * 1 3 |* x DRAM1 
l 7-*(0#&*/§Stfi L^^y^5:584$ 
DRAMl 7-(D«lf"^tlJmi:^ 
RAM-T ^7x- * 1 3te, &&^[e]!&(w 
rite) 2 5, gtttl LESS (read) 2 6 . KfflL/*i&*@ 
&g (Read/write) 2 7, &tfJJ 7 Uyi' 3.08 (refresh) 
2 8Sr^LT*5 0, g&^[«]82 5, KWUIBIB2 6& 

[0 0 2 9] 7 yfc&^-*Up/dntt, T K 

T Kw*;b£y* l 5W7K^W>)y 5/^1-6 

ftfc^TWR/w selte, #^leIgS2 5 > ^WUIeJSS 
2 6&VRfflL/»ii*.@tt2 7fc*^A*Stt, 5I& 
Wr^h^-KtllDRAMl 7|;:*tLT^ttiUaJI£ 

*datawte, $&3M»]& 2 5 ir^tii L/^aMMH]g& 2 7 
^C^A^ftSfl^T'fc*), DRAMl 7l£^£& 

sns^tit M o\ M i n % "toggle" mm 

{gdata e tt, ifctij LESS 2 6 t L/#iZ^IeJ& 2 7 

5DRAM1 7^b<OK^ttiU«lflfilt*LtJ39, * 
Ofetcte "0" % tt l\ "toggle" tffca. 
(0 0 3 0] fi^»2 5 > ^M2 6. KWL 

/a : ^^[siK2 7&t^y yisyz/^mm 8/>><b> mm 

L/^&^x-* d in^t'y h^>ys"^l"<-? 16^ 
DRAM17il;*/r^$Jx5 ( R AM'f V$ 

^tCte, DRAMl 7K*>tt6 1 7 KU^id^i-S-^ 
£>#&^/IrctiJ L'>-7y^W Lfcr £ ^^-t 1 T 
Ku*&77 7^R/wend^£o 0 £fc, HWL082 6 
&U^fflL/S£^le]Sg2 7fi, DRAMl 

[00 3 1] 7 Kl/*#£:/* 1 5te. y&^^KSfcil 
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©&£tttaLfc#l/££WU DRAMl 7(7)7 Kl^X^ 
®m-t2> k&iZ. DRAMl 7^<D&&*7*-*$:h&$L 
7 K^*-)^ 1 5(1, S£^[Hj*g2 5, ggffl 
L[e]SS2 6, L/§iA^lH]SS 2 lii^(Dy-7, b/<* 
-W^otDRAMl 7(^^/HISttiU*Q ! S-r-5^ 
(C, DRAMl 7(7)7 K U-*0>»£*rtT9. 7h>^* 

1 5l*JEtd v 17 K^iilT7 7Ww end**** 
ofc£#, 0?)^c0|f Wdn^tlcmL 

JO ^Adrs end£-r* h-t— K=3 > h 7 l 2\cm 

^1"5 0 7 K^^^y^ 1 5A^ojf-^addressli x 
^&C9D R AM 1 7 (7)7 K l^^ 
[0 0 3 2] fcfy h-7i/7 , ^y/^^ 1 61*, DRAM 

1 7|C»ttStLT*5«9, DRAMl 7W*a*»fiJt:i: 
TtTs/ h&Jl*Kfc$i£attfcf&^ bit 

&m 2 6 &t/Rtti 2 7 i^tx, 

DRAMl 7 frb8t&m$tltcm?]®.DQ\}T% ? -y hi- 

20 (0 0 3 3] DRAMl 7\C#tfZ>C S (fyT'tl/^ 
H „ R A S (Row Access Strobe) , CAS (Column 
Access Strobe) , &tWE (7^ h>f^— ^u) Mt % 

DRAMl 7|C*fi-6*ii^./Ka L«i3l<0fc*C) 
O^IWt^$r^i- 0 *7C, AX (7KUXX) R0AY 
(7KU^Y) tt, RASMCASl^^fiT 

[0 0 3 4] I2l2«, «tmLIsIK2 6 0rt«fB«fife^^ 

2 3^tBL/fM ■ I^tolr-^R/W sel^r^ 

jo irt^^ic^^y h7 5/^x11* ^> h/«)yn7- 

(counter) 1 8t, t (decoder) 3 0 , 

3 1, 3 2, 3 3<b, tt«(HlK(C0MP)3 4 t^W-T^o 
fel7-^R/w sel^A^$n^x-^*^V^ 1 8 

JSLT, 73-^3 0-Cliftiiai{t^CS^ 73-^3 
l"CttlW«l«*RAS^, 7^-y3 2-CliWfltC 
AS^ 7^-^3 3T'li|MlfWE^^^^jb$ 

5 7)^C07 KU^x-^address^A^^nad^, X7 
<0 K^&CfYT K^S'^^tfiMPWAX, AY^ 
UTDRAM1 7IC^/W-$n<5 0 
[0 0 3 5] fc«@K3 4ll, T-tHV^Z 1 8ICJ: 
6**>^htt**Sfc6«[lc4ofci:*, DRAMl 70 
UllDOUT^try.K^y^a^-^ 1 6 T'&^C 

t<b, Mt*itdatae**Jt«U -to»*«:JWf»«[IB^ 
»*resulti: LTffl*-*-*. 7-^1)^18^73 
-^3 0-3 3£(7>[S|&tt, JL— tfj&$«ffli-SDRAM 

50 sWfyw^w^iws, 
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[0 0 3 6] 0 314, RaL/*&*|IJB2 7(0rttt* 
y>a0tt2 8O#rt»«fifcll «m uais 2 6 &tf « 

[0 0 3 7] «UJL/tii*@B2 714, f^2 1 
- 2 3 ^fefelf-^ &<5&lc# jr y h T -7 
f4#?y hy^>i-6r-^^^V^4 5£, t 3 ' — ^ 
40-43t fc«[s]K4 4 Ifcffl 
^ • iIft&JIx-*R/w sel^A^ftSr-**^ 
oa>fbHK:#*y bryf-tzks $*>yh 

-^4 l-CliW»««-RAS3ft« % 73^4 2T»i*MP 
iftCAS^ f a-^4 3tM**ffl«#WE#**« 
*fc£*iTffi;*j£;h,5. Kdib/*ii^®B2 7 Kit, 
7*3-^2 2^b0^ii^ai7 ? -^dataw^A7J$ix 
SIRttSi&frf-^dinfc LTD RAMI 7 

£fc, Rffib/#a*BK2 7lctt: % 7K 
l 5*»feT K^f-^ address** A7j£ 
XT K^Rl/Y7 Ku^«:**^"*-WJHHt* 
AX, AY«i:ttDRAM17l:^-Jn5 0 
[0 0 3 8] Jt&(aJ84 4(4, T-#*t>* 4 5 IC* 

>v<-* 1 6£&&LTA^£ftfc^fflLMdout£, 
JBftfcdatae fctr*t«EU J«»«i*tt*re 
sultt LTaiTrf S. r-^^^M5tf^-y4 
0-4 3 £CDBI#I4, :*-iW£ffl**-$DRAMl 7 CO 
tt«, ^fc'*7*-*£LT»£$Hfc<fcsW 

[o o 3 9] 12414, r Ku***y* i 5(ort»«rt 

■>y^@B35fc, m*«<oa*te-fr®»3 6, 3 7, 
3 8, 3 9*£WLTV>6 0 

[00 4 0] ;fr?y*lE]83 5ICI4, RAM^f^7x 
-^13H017K^»777Wi endt, t 1 * 

-^Up/dnt^*A73$H5o &£frtftetf&3 6 14, 
*!>^B»35©*»H[l:ao-c, SifiEcoRfflL 
7 KU*£^1-{i^Read address£ffl;rj-f So & 
&fc>-£t5J&3 7I4, #?y?le]|g3 5^-)y billCft 
oT, ^ft(7)§^^T KU'^^^i-fi^-Write address 
£ffl*F-t£o 1^*^0*8 3 8 14, #*y*l§ll&3 5«> 

*?yHU:8or, h^/^-Wflf-^T-fc^ 

»;ltt*P«#toggle*ttJ;&+*. fc&fc«HK 3 9 »4, 
#£y*08 3 5(D#|>y htlKLftoT, 7K^P 
**7K^* T'Pii LfcC:£ «r *+fcT 7 7 - * 
Adrs end£ffi7rf6o h^*/**— ytt t ^«>fli££ft 



(6) ^20 0 0-7 6 8 9 4 

/0 

T K^*<DH£;bi!:[Hj&3 6, 3 7, 3 8, 3 9I4*;U 
[0 04 1] a-&*>*@!» 3 8 14, Mtfa 7 

toyf y^Tfc*&£KI4, jUji^WKux 
c0 2^7>^'^Tfc^O-c, ff^Read addressia4T& 
70 T K^^«ril^*rsm^^lHiK3 {f^Write ad 
dress(ci4±{£7 Kw* Slft^^-tirlllB 3 7 *t 

ta^083 8tt, itt7K^i:Ttt7 

[0 0 4 2] r^t, K# 1 9i:f^^2 

514, «#BBtRo-«Sr^*-C*>9, E*co TCounte 
* ' rj ri*-K#«>>* 1 9lcJ:5^»>y bffl, 
ii»Jff«#C csi: IT^- Kfl»**1-. 
20 KflHM' TOJ C0^CI4, D RAM 1 7 (DSJJHfb^- 
|p|»C*5l>T<0*-K«»l*-7»C 

4§-8~i l CioTf^ h/^-yofxy^^K 

[004 3] T^/^y&Sf-^Up/dn 
tc*5^T<£>&1I roj 14, DR AMI 7tfv<>-? (bank) 

(ax) ^ifo^y^y>yM, X7Kl"*fc*Ht 
6M7K^(ClUfcMt, YTKU-* (AY) 

it r i j DRAM 1 7C9^y^&^i6fc*bft<fcJI 
"Cr^^hU X7K^Srlfo^^yh 
Us XT K^OOT KU^tCigLfc^T, YTKU 
**v<-*h«£»*fc*£-ii:6. T2J 14, /<y* 

KSi* o*«ta£-ti\ *»7K^lclU*At 
X7h'i/X$rHy^Mybt5 0 &fe f3j (4 S ^ 
AftftbHfcW-C^y^*^^ U^>ht, Y7 KU^ 

+ 1. + 2, +3. +4 • • • COHI-EL&^T*iiJn)£ 
^, • • - -3,-2.- lW)Bfc«*LT#'J>$ 

[004 4] Rffi L/»i&* • ii^^r-^R/w sel 
i:*JV^oSfi roj l4^tiaLfeS(read), ftft r 1 j 
ttfti&^MS (write), f2j I4*ii^./Rffl Lfe 
m (wr i te&read) Sr^^r ^-f 0 

[004 5] MK. #ii^ft!;ax-^datawX^^M 
datae ($m?-*) \z&\,^X<n&& foj I4f y 
50 -*£LTO0£, «[« r l j J4b-y hx-^irUT(0 
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l££*^to r 2 J 14, Xr Kt^KfcltfcftT 
iiLtfy htYT K^lC*SJt5 3 try h 3 0*t 
ft»ffi*i&^U tfcM r 3 j 14, XT-Ku^icftttSa 
•Tffify h^^Mcb YT Kl^lC&lt* 3 f y h@ 

hBcb^^^afDtt, DRAM1 7^i^y^v> 

I o o 4 6 ] @ 6 14, mm 2 7 t*iits 

"r-?ZV>? 4 5 60^7 3-^4 0-4 3 

[0 0 4 7] fCounterj I4x~-* * <7^* 4 5 

h<t£^LT:fcD , *^>hil[12 > 13H C 
a s i^T^yW (tftRffcas latency= 
2) . ^^^hMl 4~i 814, 

i&MS^— ^dataw&tjqRfMdataa«).4HtM:, 

I0 0 4 8J ±I2«t^Oi|aiZi^-iSxX hlelKl 1 14, 
*OJ:5^»f^1-6. »77 7^x-*Adrs end<tS)# 
*JWfI-5-toggleta*7 K^*r>y^ i s^^f^ ^ 
qe- h'3yhD-7 1 2ieA^£i'i5£, ^-K**:/ 
* 1 9#, ^T77^r-^Adrs endtftoT, K 
K«r 1 -f y ^ V h LT&Ox;* h*- Kfc»fif 
U *(Dv-X h^r- KOrtS^JCCT-ra — ^2 0~2 

[0 0 4 9] ^ff Lfcx* h*-K*C*tf£L 

■CSii^Jlx-f dataw£ LT "0" #^££ix-5 
*^h7y^LooDRAMl 7fc "0" 

Kb. 

[0 0 5 0] t/:, 7^^2 2a*dataw£: LXWWx. 
«W«#toggleSr, f^-^2 3d'datae ± LXWx. 
M»«#toggle«r*/rJl^U3lS:«Jc:j4, DRAM1 7 

»tii*nstti4, r k^*i»^ i sv±fa^Mt 

r?>$€\ DRAMl 7 left LTf4, tf^y 
h7y^Loo0 10 10 1 &*$&*&Vv?*i>:s h 
Ty^LooO 10 10 1 fctt^a^* y 

[0 0 5 1] 9*3-^2 OtH^SftfcTy^/y* 
^Sx-^Up/dn^T K^^y^l 5lcA7}£ti 

nf^h^-yic^^u, 7Kl/^*^^ 

^2 i-ca^ffc$HfcKfflu/»ii*-a«tes 



0) W2 00 0-7 6 8 9 4 

/2 

t-'-^R/w sel#, #&^[H]&§2 5, l^diL{ElK2 6^ 

Iftffl L/S&*Ie]8 2 7K£*A7j£ft6 0 It, 7 s 
= -^2 2-C»^fb$nfc»5i^«i31f f -^dataw^R 
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